Introduction
Spacer fabrics include two outer layers that are joined together but kept apart by a middle layer of spacer monofilaments. [1] It is a known fact that spacer fabrics offer good impact and compression properties. The yarn loop will have large deformations when the knitted fabric is subjected to an impact or pressure loading. [2] Spacer yarn inclination angle and diameter, fabric thickness, outer layer structure, and yarn material properties can affect the impact and compression properties of warp-knitted spacer fabrics. Liu et al. studied the compression behavior of WKSF for cushioning applications. They investigated the effect of different structural parameters such as monofilaments inclination angle and fineness, fabric thickness and fabric layer structure. The results showed that lower monofilament inclination angle, higher fabric thickness, finer spacer yarn and larger size of surface structure meshes result in lower energy absorption in compression. [3] Du and Hu analyzed the spherical compression properties of WKSF theoretically. They investigated the deformation shape of the WKSF under spherical compression and established a relationship between total compression force and strain at the maximal compression point. The results showed that increasing the ball radius decreases the spherical compression effects. [4] Du and Hu (2012b), in another research, compared the experimental and theoretical data in maximal compression force, compression work and compression linear degree. The results showed about 7 percent difference between theoretical and experimental values. [5] Liu and Hu studied the effect of test boundary condition and sample size on the compression behavior of WKSF. They showed that the compression test boundary condition only affects the deformation behavior in the last stage of stress-strain curves (plateau stage). The sample size has an obvious effect on the results. The size of 10 cm × 10 cm showed the most stable results. [6] Chen et al. investigated compressive deformation and load of spacer monofilament in WKSF. By theoretical analysis of the shape deformation, they obtained critical bearing capacities at different stages during plane plate compression. The analysis results also indicated that it is better for the compressive displacement of the spacer monofilament to be in the range of the Restful Stage (third stage of compression process of the spacer monofilament) to ensure a good feeling for the wearer. [7] Mass-spring models have been widely used by researchers for the modeling of textiles in several areas such as impact and damage properties of woven fabrics, [8] stitched seams behavior in repetitive extension and properties of recovery, [9] dynamic lateral compression properties of woven and knitted fabrics in low-force impact, [10] stress-relaxation forecast of woven fabrics containing elastane yarn, [11] bending behavior of hemp woven fabrics, [12] tensile behavior of woven fabrics, [13] viscoelastic behavior of ballistic fabrics, [14] creep behavior of plain woven fabrics, [15] creep behavior of carpet yarns, [16] drying shrinkage of plain knitted fabrics, [17] elongation behavior of nonwoven geotextile materials, [18] compression behavior of spacer fabrics, [19] tensile behavior of geotextiles with nonwoven materials [20] and drop-mass impact response of WKSF. [21] In most of the aforementioned studies, the reason of choosing the studied models among various kinds of viscoelastic models is not obviously explained. To the best of our knowledge, no research has been published to investigate the accuracy of viscoelastic models for measuring the compression behavior of WKSF. There are four common models that best describes the compression behavior of WKSF, that is, Maxwell, Kelvin-Voigt, Standard linear and Burger. The main purpose of this study is 
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Experimental

Warp-knitted spacer fabrics (WKSF)
Six types of WKSF used in this work were prepared from a local producer. These fabrics had different thickness and structural parameters. All the WKSF were produced on a double-needlebar Raschel machine (Karl Mayer HDR-RD), equipped with six guide bars (GB1-GB6). Guide bars GB1, GB2, GB5 and GB6 knitted front and back outer layers of WKSF, while guide bars GB3 and GB4 carried the spacer yarns to connect the two outer layers together. Polyester monofilament yarns of 0.2 mm in diameter were used for the spacer monofilaments and polyester multifilament of 600D/192F for the outer layer yarns.
The samples were knitted with four different outer fabric structures, namely Chain + inlay (C), Fine rhombic mesh (F), Large rhombic mesh (L) and Hexagonal mesh (H). They also had different thicknesses and spacer monofilament densities.
The specifications of the WKSF are listed in Tables 1. Figure 1 shows the structure of WKSF samples.
Spherical compression test
Spherical compression test on composite samples was conducted by the SDL Atlas Testometric-micro 350 universal testing machine equipped with a 250-kg load cell. The specimen of size of 50 mm × 50 mm was placed on a flat platen connected to the lower jaw. A polished steel ball 25.4 ± 0.02 mm in diameter connected to the upper jaw was pressed against the specimen. The compression tests were conducted at a speed of 10 mm/min. Figure 2 shows a specimen under compression test. Five tests were carried out for each sample.
Modeling
Mass-spring model is one of the popular physical models. This model's most important features are implementation feasibility and computation effectiveness. Therefore, mass-spring models are widely used in engineering modeling. Viscoelasticity is the property of materials that exhibits both viscous and elastic characteristics when undergoing deformation. The elastic components, can be modeled as springs and the viscous elastic components, can be modeled as dashpots. There are four popular kinds of viscoelastic models with different stressstrain behavior.
Viscoelastic Maxwell model
The Maxwell model can be represented by a purely viscous damper and a purely elastic spring connected in series ( Figure  3a) .
The model can be presented by the following equation:
where k and c are spring and dashpot coefficients, F is force (N), x is displacement (m) and t is time (s).
Viscoelastic Kelvin-Voigt model
The Kelvin-Voigt model, also known as the Voigt model, consists of a Newtonian damper and Hookean elastic spring connected in parallel (Figure 3b ) with the following equation.
(2)
Viscoelastic Standard linear model
The Standard linear model effectively combines the Maxwell Model and a Hookean spring in series (Figure 3c ) with the following equation.
(3)
Viscoelastic Burger model
The Burger model provides a Kelvin-Voigt model acting in series with a Maxwell model, in both normal and shear direction (Figure 3d ). The model can be presented by Equation (4):
Genetic Algorithm (GA)
The genetic algorithm (GA) is a computational model inspired by the biological evolution that can be used for optimization. This algorithm is based on the genetic manners of biological organisms. Population increases based on the principles of choice and existence of best that was reported by Charles Darwin. Following this method, the genetic algorithm can find a good result to linear and nonlinear problems by simultaneously exploring multiple regions of the result area and exponentially exploiting the promising spaces through mutation, crossover and selection operation. The basic principle of genetic algorithm 
Determining the GA objective function
The objective function evaluates the accuracy of the models' parameters. In GA, it is necessary that the difference between point positions obtained from the compression test data and the models get minimized. The less the difference, the closer the model's predictions to the WKSFs behavior. The general objective function can be defined by Equation (5).
(5)
where n is the number of displacements, is the point position in the compression test and is the point position in the physical model referring to the Equations (1−4). Table 2 shows the GA parameters. 
Results and discussion
Force-displacement curves of spherical compression test, which are based on the average of the five tests' results, are illustrated in Figure 5 . It is seen that the highest compression force belongs to F25/60 and H25/60, which have the highest spacer monofilament densities. It shows that the density of spacer yarns (the number of yarns in the unit area of the sample) may have a considerable effect on the compression properties of the fabric. F25/60 has slightly higher compressional properties than H25/60. This may be attributed to the structures of their outer fabrics. F25/60 has a more dimensionally stable and less extensible structure than that of H25/60, so it shows slightly higher resistance against compression forces.
The coefficient of variations of the compression force for the samples at a specific displacement is given in Table 3 . The optimization was performed in Matlab 2015 software with a computer with following specifications: Corei7, 740Qm, 1.74 GHZ, and RAM 8 GB. The mean execution time for optimization of the mechanism based on the GA was about 1 minute. Figure 6 shows the mean and the best costs for 100 GA iterations for L20/30 of Maxwell model. This figure clearly shows the convergence of the GA-based optimization process. By increasing the number of GA runs, the mean value of the objective function decreases and gradually approaches to the best value.
The best value for linear spring and dashpot coefficients were selected using GA with minimizing the objective function (Equation 5). After 10 runs of GA for each compression, the best parameters for the three aforementioned physical models were determined. The parameters are shown in Table 4 .
According to Table 4 , the Burger model has the minimum MAE (0.2%). Figure 7 shows the Burger model and the real forcedisplacement curves in the model. MAE for Maxwell, KelvinVoigt and Standard linear models were also 7, 5.2 and 2.3 percent, respectively. In fact, among the four common models compared in this study, the Burger model best describes the compression properties of WKSF.
F25/60 has the maximum spring coefficient and C35/55 has the maximum dashpot coefficient. It shows that monofilament density and thickness are important factors to determine spring and dashpot coefficients. In fact, increasing the number of spacer yarns in the unit area of the sample enhances its resiliency.
In the comparison of F25/60 and H25/60, one can see that F25/60 has higher spring coefficients and lower dashpot coefficients. In fact, the denser outer layer structure (F) results in an increase in the spring property and a decrease in the dashpot property of WKSF. Comparing L20/30 and L20/48, with the same outer layer structures and thicknesses but different spacer yarn densities, it is seen that the sample with higher spacer yarn density has higher spring coefficient and 
Conclusion
In this research, a comparative study was performed to assess the ability of four common physical models, that is, Maxwell, Kelvin-Voigt, Standard linear and Burger models, in characterizing the compression behavior of WKSF and the effect of WKSF parameters on spring and dashpot coefficients. For this purpose, GA was utilized for the determination of spring and dashpot coefficients. The results showed that the Burger model has maximum accuracy among the four physical models with a MAE of 0.2 percent. Spring and by increasing the monofilament density, surface fabric structure and dashpot coefficients increased by increasing the WKSF thickness. Also, WKSF thickness and surface fabric structure are more effective factors for the estimation of spring and dashpot coefficients in the compression behavior of WKSF. It was seen that the samples with higher thickness and denser outer fabric structure have lower spring and higher dashpot coefficients. Increasing the spacer monofilament density enhances the spring effect and reduces the dashpot effect of WKSF.
